Purpose One of the potential solutions for designers' lack of safety expertise in design decision is utilizing IPD to allow for constructor input. But how this is to be done is often unclear because few cases from either practice or research can be found. In this study we tried to develop an IPD-method to facilitate 'safety in design' with the contractor's knowledge using an object-oriented programming (OOP) approach for design decision based on BIM. Method Our principal research method is simulation of the decision process in OOP2 in a case study. The integration of contractor's knowledge in construction safety is achieved by setting parameters for construction safety investment with contractor's input into a construction safety component library (CSCL) e.g. scaffolds, boards, barriers, etc. under the proposed IPD-framework. Results & Discussion A prototype of CSCL using one OOP-language, C#, is developed in Microsoft Visual Studio 2010 to Autodesk Revit 2012 with a completed construction project for demonstration. The results show that CSCL is a semiautomated tool with contractor's knowledge of construction safety for design decision. It is consistent with the theory that BIM is not only a type of software but a knowledge repository for in-depth collaboration, information sharing and knowledge re-use among all parties involved in a project. New issues and rethinks including level of detail (LoD) on company's library, IPDevaluation metrics, and BIM-development method addressing construction safety management, are also recommended in the final part.
INTRODUCTION
Safety is a major issue across global construction industries; loss of life through construction accidents is unacceptable. While the physical task of putting together buildings and infrastructure remains a locally embedded physical activity, it is also changed by the digital economy, which brings with it new "splintered yet connected" ways of working across global networks of design services and product supply 18. It is suggested more extensive co-operation between contractor and designer is needed to improve the safety planning methods and effectiveness 11 .
"Safety in Design" has been stated and highlighted by many researchers 18 , but recent research shows that "many designers still think that safety is 'nothing to do with me' although there are a small cohort who want to engage and are having difficulty doing this because they do not fully understand what good practice looks like 5 ." This is due to the fragmentation and document-centric nature of the traditional AEC industry 9 . Designers usually don't have knowledge of site safety arrangements in practice as contractors.
To address these issues, Building Information Model (BIM) appears and brings about both technology and process innovation to traditional AEC industry. In this regard, the integration of construction safety information for design decision with the contractor's knowledge based on BIM is to be studied in this research. The general objectives of the research are to improve the safety performance of the construction of facilities, specifically through improving the link between design and the construction process within a proposed IPD framework. And one of the potential solutions for designers' lack of safety expertise is utilizing IPD to allow for constructor input 17 . But "how" remains confusing to us because only a few cases in both practices and research studies can be found. More specific research studies should be carried out in this area to enrich the theory of IPD and more implementation should be conducted among industries for best practices.
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Construction Safety Component Library (CSCL)
The Construction Safety Component Library (CSCL) in this paper is defined as an Object Library consisting of construction safety site equipment including General Equipment e.g. Metal Fencing, Protective Net, Catch Fan etc. and Personal Protective Equipment e.g. Helmet, Reflective Vest, Safety Boot etc. with generated performance indicator for design decision. The Object here refers to the Construction Safety Component or equipment.
Construction Safety Investment
The specific construction safety information or performance indicator is a prerequisite for the model established in this study. Requirements and criteria should be met as: 1) As a variable dependent on both design decision and the contractor's input; 2) easy to be captured to represent the contractor's knowledge, technique, experiences etc. and reflect the contractor's competence in safety performance; 3) easy to be generated through the model and the result is obvious enough to evaluate the design decision. Slaughter 
Development of the Prototype
The prototype is developed in C# in Microsoft Visual Studio 2010 IDE based on Microsoft .NET Framework. Thus C#.NET is used to develop a prototype of the Object Library for CSCL. ADO.NET (ActiveX Data Objects for .NET) is used to access the program to the Microsoft SQL Server database, which stores the contractor's input of the quantity and price information in the CSCL. The link to the database allows for the track of the modification of CSCL for record and documentation, and retrieval of contractor's knowledge. ADO.NET provides an easy, efficient way to access database. It is a set of computer software components that programmers can use to access data and data services. And it is a part of the base class libraries that is included within Microsoft .NET Framework. ADO.NET is commonly used by programmers to access and modify data stored in database systems with many pre-defined dataset objects. The system diagram of the prototype is shown in Fig.1 .
Fig.1. Diagram of the System and Information Flow of the Prototype
RESULTS
To test the applicability of the model, which refers to the involvement of the contractor for design decision and knowledge retrieval in the process, a real construction project with the contractor was selected for demonstration. The façade of a building involves more design work by the contractor compared to other parts, and the contractor would have more experience and knowledge in design and construction/fabrication of the façade. The selection criteria for the project were then set to a building with typical and complete façade with the contractor's Safety Standards/Instructions/Requirements for the project's façade engineering. The model is configured to use the detailed design attributes for a specific project as input of the design alternative.
A completed Construction Project A, including shop drawings, construction method, plan and schedule with Contractor A in Hong Kong was selected according the criteria. Although it is a completed one, it does not affect testing the applicability of the model. Project A is an office building of 69F to the main roof, with a footprint of 51.6 by 51.6m, with the floor-tofloor height of 4m, all enveloped with glass curtain walls in the exterior enclosure system. The building components: glass curtain walls (only one facet out of four for simplification) with its attributes represents the design decision, and the design alternative would be the length, height, and density etc. of the glass curtain wall panels in this facet; 
FINDINGS
The applicability of the proposed model with regard to the involvement of the contractor for design decision and knowledge retrieval in the process was tested by a real construction project in Hong Kong. The required data can be obtained from the contractor, and the generated result as a variable dependent on both design decision and the contractor's input is obvious enough to evaluate the design decision. The Construction Safety Components are selected as customized ones according to the documents provided by the contractor, and can represent the contractor's knowledge, technique, experiences etc. to reflect the contractor's competence in safety performance. CSCL is a semi-automated tool with contractor's knowledge of construction safety for design decision within the proposed IPD framework. However, according to the contractor's view, it is difficult to build up a database for CSCL that can apply to every design, as building design most of time is unique except public housing, and the market may not willing to spend money to build up the database to suit different kind of building design in the context of Hong Kong. The contractor still believes it can be treated as a stimulation to let people consider safety components at design stage. 10 " And one of the potential solutions for designers' lack of safety expertise is utilizing IPD to allow for constructor input 17 .
But "how" remains confusing to us because only a few cases in both practices and research studies can be found. The model established through Input from the contractor using Object Library in this research is an example for illustration. And it is a method for the early involvement of contractors with their knowledge for design decision from the perspective of construction safety. The general objectives of the research are to improve the safety performance of the construction of facilities, specifically through improving the link between design and the construction process within a proposed IPD framework.
The potential link of design and construction is use of the model by designers and contractors to analyze design alternatives to improve their planning and control capabilities in safety performance. The company could use the model with customized safety components for a specific project to understand the nature of their activities and the impact that design alternatives would have on their investments in construction safety. These analyses could provide a critical feedback system for design and construction organizations to learn across projects to improve their internal competencies in safety performance. It could also provide a means to assess and improve the designs, components, systems, and process of construction projects, as well as to improve the efficiency of the design and construction processes.
The functionality and quality of the Library in BIM platforms were described as "Library objects will need to be accessed and integrated into projects using the standard nomenclature defined within that BIM platform for proper interpretation. Full integration includes object classification, naming conventions, attribute structure etc. 6 " And a well-designed library management system should include "the ability to create catalogs of objects in a library (Library views) for specific projects or building types, and functionality for resolving discrepancies between object names and property sets across catalogs of objects 6 " The future research directions could be identified as Level of Details (LoD), Meta-data, Ontology and Taxonomy of CSCL for generalization, and the IFCcompliant description for interoperability and integration.
